Introduction
Lactic acid bacteria (LAB) have many beneficial effects in cancer, oxidative stress, maintenance of the normal microbiota of the digestive tract, gastroenteritis, and immune regulation [23] . Currently, it is known that LAB and their fermented products are effective at enhancing innate and adaptive immunity, including the prevention of gastric mucosal lesion development, alleviation of allergy development, and inhibition of intestinal pathogen infection [30] . Probiotics are microorganisms that are believed to provide health benefits when consumed. LAB, including members of the genus Lactobacillus, are members of the commensal microorganisms of the gastrointestinal tract of humans and mammals and are generally recognized as probiotics [5, 13] . Intestinal LAB promote the health of the host by modulating immune responses [2, 11] . They develop and maintain the homeostasis of the intestineassociated immune system via regular interactions with intestinal cells such as antigen-presenting cells and intestinal epithelial cells. In particular, bacteria belonging to the genus Lactobacillus are recognized by human cells and induce cytokine production [9, 30] . It is also reported that lactobacilli alleviate allergic reactions by maintaining the balance between T helper type (Th) 1 and Th2 responses [33] .
The effects of LAB on serum levels of cytokines and endotoxins in peritoneal dialysis patients have been examined previously. In patients receiving probiotics, serum levels of cytokines such as tumor necrosis factor-α (TNF-α), interleukin (IL)-5, and IL-6 and endotoxins were decreased after six months of administration, while the serum level of IL-10 was increased [32] . When LAB were administered to inflammatory bowel disease model mice, decreased levels of nitric oxide (NO) and interferon-gamma were observed, suggesting that LAB exerted anti-inflammatory effects and contributed to a rapid recovery of dextran sulfate sodiuminduced acute colitis [27, 29] . Another study revealed that Lactobacillus treatment can manage organ damage associated with arthritis by down-regulating the levels of pro-inflammatory cytokines and up-regulating the levels of anti-inflammatory cytokines in serum [3] . It was also reported that L. plantarum and its cell wall components decrease pro-inflammatory cytokines such as TNF-α, IL-1β, IL-8, and NO, while they induce the anti-inflammatory cytokine IL-10 [17, 21, 28] . Furthermore, long-term administration of L. plantarum suppressed the tumor frequency, increased CD4+ T-cells in tumor tissue, and reduced the serum concentration of TNF-α [14] . Most studies have shown that LAB, including L. plantarum, have protective effects against pathogen-mediated diseases and various types of cancer. In this study, we focused on the immune characteristics of the L. plantarum K55-5 strain, which was isolated from dairy product, in murine models under in vivo conditions.
Materials and Methods

Materials
Cyclophosphamide (CY, C7379), lipopolysaccharide (LPS, from Escherichia coli 055:B5), and concanavalin A (ConA, from Canavalia ensiformis) were purchased from Sigma-Aldrich (MO, USA). Mouse TNF-α High Sensitivity enzyme-linked immunosorbent assay (ELISA) (eBioscience, CA, USA), IL-10 and interferon (IFN)-γ ELISA kits (ENZO, NY, USA), Mouse IL-12 p70 IDELISA (ID Labs, NY, USA), IgA ELISA kit (Bethyl, TX, USA), and ACK lysing buffer (Lonza, MD, USA) were used in this study. Neutralization antibody for TLR2 was purchased from eBioscience, and signaling inhibitors for nuclear factor-kappa B (NF-κB), extracellular signalregulated kinase (ERK), c-Jun N-terminal kinase (JNK), and p38 were purchased from InvivoGen (CA, USA).
Cell Culture and Stimulation
Raw 264.7, a mouse macrophage cell line, was maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% heat inactivated fetal bovine serum (FBS) and antibiotics such as penicillin (100 U/ml) and streptomycin (100 μg/ml). Cells were cultured at 37ºC with 5% CO 2 in a humidified incubator. RAW 264.7 cells were seeded onto 6-well plates and incubated for 24 h. After stabilization, cells were stimulated with indicated bacteria or LTAs. YAC-1 cells were maintained in RPMI1640 supplemented with 10% FBS, 100 U/ml penicillin, and 100 μg/ml streptomycin. YAC-1 cells were co-cultured with mouse splenocytes at a ratio of 1:50 to examine the NK cell cytotoxic effect.
Preparation of Lactic Acid Bacteria
L. sakei K101 and L. plantarum K8 strains were isolated from kimchi (a Korean traditional fermented vegetable) and L. plantarum K55-5 was isolated from a dairy product. Strains were grown in MRS broth for 24 h at 37ºC. After being centrifuged, cells were resuspended in sterilized water and concentrated to 10 1 0 cells/ml for this experiment. To make heat-killed bacteria, cells were incubated at 80ºC for 30 min. Heat-treated bacteria (80ºC, 30 min) were disrupted by microfluidizer (10,000~13,000 psi, 3~10ºC) to make heat-killed lysates. After centrifugation of the cell lysates at 18,000 ×g for 30 min, the supernatants were collected.
Isolation and Culture of Splenocytes
Spleens were isolated from normal female BALB/c mice. Each spleen was suspended and filtered through a sieve mesh. Singlecell spleen suspensions were pooled in serum-free RPMI 1640 medium. Red blood cells were lysed with ACK lysing buffer. Total numbers of splenocytes, dyed with crystal violet, were counted under light microscopy. The cells were cultured in 24-well plates (2 × 10 6 cells/well) at 37ºC in RPMI 1640 supplemented with 10% FBS and penicillin/streptomycin. To determine the immunomodulation effect of splenocytes, cells were incubated with L. sakei K101, L. plantarum K8, and L. plantarum K55-5.
In Vivo Mouse Study
Seven-week-old female BALB/c mice were grouped into four groups (16 mice per group). One group was a non-treated group and the others were immunosuppressed and treated with LAB. Immunosuppressed mice were generated by intraperitoneal injection with cyclophosphamide (200 mg/kg) and were orally administered L. sakei K101 (1 × 10
CFU/day), or saline for 7 days. After the treatment, fecal samples and mouse serum were collected and the spleens were isolated to determine cytokine production. The mice were cared for and used in accordance with the guidelines of the animal ethics committee at Global Campus of Kyung Hee University (KHU-14-021).
Natural Killer Cell Cytotoxic Activity
Effector cells (isolated spleen cells) and target (YAC-1) cells were co-cultured at an effector:target ratio of 50:1 for 24 h. Cytotoxicity was assessed using an LDH-cytotoxicity assay kit (bioWorld, MN, USA), according to the manufacturer's instructions. Briefly, cells were harvested and washed with cold PBS, and then homogenized in 2 volumes of cold assay buffer. After centrifugation at 10,000 ×g for 15 min, clear supernatants were incubated with 50 μl of reaction mix (LDH assay buffer and LDH substrate mix) for 30 to 60 min at 37ºC. The LDH contents were examined at OD 450 nm using a microplate reader.
Determination of Cytokines
To measure the levels of IL-10, IL-12, IFN-γ, and TNF-α by ELISA (R&D Systems, MN, USA), splenocytes were stimulated with L. sakei K101, L. plantarum K8, and L. plantarum K55-5. Cytokine levels were determined from splenocyte culture supernatants or mouse serum using commercial ELISA kits.
Preparation of LTA
Highly pure and structurally intact LTA was isolated from L, plantarum K8 (KCTC10887BP), L. sakei K101 (KCCM11175P), L. rhamnosus GG, and L. plantarum K55-5 by n-butanol extraction, as described previously [16] . The purity of the purified LTA was determined by measuring the protein contamination and endotoxin content through conventional silver staining after SDS-PAGE and the Limulus amebocyte lysate assay (BioWhittaker, MD, USA), respectively.
Statistics
In vitro experiments were performed at least three times. The data shown are representative results of triplicate experiments and are presented as the mean ± SD. Differences were judged to be statistically significant when the p value was < 0.05. In vivo data were analyzed by one-way analysis of variance, followed by the Kruskal-Wallis multiple comparison test. Results were presented as the mean ± standard error.
Results
L. sakei K101 and L. plantarum K55-5 Increased Cytokine Production in the Splenocytes Isolated from Mouse
Splenocytes isolated from BALB/c mice were stimulated with the indicated dose of live L. sakei K101, L. plantarum K55-5, or L. plantarum K8. One μg/ml LPS and 5 μg/ml ConA were used as positive controls. L. sakei K101 increased IL-10, IL-12, IFN-γ, and TNF-α levels in a dose-dependent manner, although their production levels were lower than those produced by L. plantarum K55-5. L. plantarum K55-5 (Figs. 1A  to 1D ). On the other hand, cytokine production by L. plantarum K8 was no altered. These data suggest that both L. sakei K101 and L. plantarum K55-5 have the ability to regulate cytokine production in mouse splenocytes. Similar results were shown in peritoneal macrophages isolated from mice (data not shown).
Cytokine Expression Was Increased in the L. sakei K101-and L. plantarum K55-5-Fed Immunosuppressed Mice
To suppress the natural immunity, BALB/c mice were intraperitoneally injected with cyclophosphamide (CY) and then mice were orally administered with LAB for 7 days. Cytokine expression was examined by ELISA using splenocytes culture supernatants. The expression levels of IL-10 were not significantly altered ( Fig. 2A) . Cytokine expression, such as IL-12, IFN-γ, and TNF-α, was significantly increased in L. sakei K101-and L. plantarum K55-5-treated mice as compared with the Saline control (Figs. 2B to 2D), whereas they were not significantly increased by L. plantarum K8 except TNF-α (Fig. 2D) .
Next, the level of cytokine in the blood samples that were collected from immunosuppressed mice fed with LAB was examined. The serum IL-10 level was slightly increased by L. sakei K101 and L. plantarum K55-5 as compared with mice in the immunosuppressed control (Cy+Saline) group (Fig. 3A) , whereas the level of other cytokines was significantly altered by L. sakei K101 and L. plantarum K55-5 (Figs. 3B to 3D) . The serum TNF-α level in L. plantarum K8-fed mice was also increased as compared with the Saline control (Fig. 3D) . These results suggest that L. sakei K101 and L. plantarum K55-5 can increase immune activity in immunosuppressed mice.
NK Cell Cytotoxic Activity Was Increased in the L. sakei K101-and L. plantarum K55-5-Fed Immunosuppressed Mice NK cells are a type of cytotoxic lymphocyte of the innate immune system that control tumors and microbial infections [31] . To examine whether NK cell activity can be affected by orally administered LAB, mouse splenocytes were isolated from LAB-fed immunosuppressed mice, and incubated with YAC-1 cells at a ratio of 50:1 for 24 h. The body and spleen weights were not different between control and experimental groups (Figs. 4A and 4B ). The NK cell cytotoxicity was examined by a modified lactate dehydrogenase (LDH) release assay. NK cell cytotoxicity was decreased by Cy+Saline treatment and it was increased in LAB-fed mice, but L. plantarum K8 did not affect NK cell activity (Fig. 4C) . L. sakei K101 and L. plantarum K55-5 increased NK cell cytotoxicity by 3.8-and 4.3-fold, respectively.
Heat-Killed Bacterial Lysates Increased TNF-α Production in the RAW 264.7 Cells
To identify which bacterial components affect cytokine production, TNF-α expression was examined with live, heat-killed, bacterial lysates, and clear lysate supernatant in the RAW 264.7 cell line. As shown in Fig. 5A , heat-killed L. sakei K101 and L. plantarum K55-5 increased more TNF-α production than live bacteria. When cells were treated with heat-killed bacterial lysates, more TNF-α production was shown as compared with heat-killed bacteria, whereas clear supernatants from bacterial lysates of both LAB had no increased level of TNF-α although they also increased its production (Fig. 5A) . Heat-killed lysates of L. sakei K101 and L. plantarum K55-5 most significantly increased TNF-α production when macrophages were treated with 1 × 10 8 CFU/ml (Fig. 5B) for 6 h (Fig. 5C ). On the other hand, heat-killed lysates of L. plantarum K8 did not affect TNF-α induction. These results indicate that bacterial cell wall components, but not others such as DNA, RNA, or protein, may affect TNF-α production in RAW 264.7 cells.
LTA Increased TNF-α Production through the TLR2-Mediated Signaling Pathway
To examine whether LTA, a component of gram-positive cell wall, contributes to cytokine induction, LTAs were isolated from L. plantarum K8, L. rhamnosus GG, L. sakei K101, and L. plantarum K55-5. Lipopolysaccharide (LPS) was used as a control. Both K101 and K55-5 LTA induced significant TNF-α production, whereas L. plantarum K8 and L. rhamnosus GG did not affect TNF-α production in RAW 264.7 cells (Fig. 6A) . Next, signaling activation was examined in LTA-treated cells. As shown in Fig. 6B , L. sakei K101 and L. plantarum K55-5 increased the phosphorylation of NF-κB p65 and p38. When cells were treated with specific inhibitors, TNF-α production was significantly inhibited by NF-κB The average body weight (A) and spleen weight (B) were examined. The spleen-weight index (spleen weight (g)/body weight (g) × 100) and spleen index (mean of spleen-weight index in the test group/ mean of spleen-weight index in control group) showed no significant differences between groups. (C) NK cell cytotoxic effect was examined after co-culture with splenocytes (effector cells) and YAC-1 (target cell) at a ratio of 50:1 for 24 h. *p < 0.05; **p < 0.01 compared with the Saline control (CY+Saline). L. plantarum K55-5, and L. plantarum K8 at the indicated dose (CFU/ml) (B) and time (h) (C). *p < 0.05; **p < 0.01; ***p < 0.001 compared with the control (ctr), untreated, or 0 h. and p38 inhibitors (Fig. 6C) . Neutralization assay using anti-TLR2, -TLR4, and -CD14 antibodies revealed that the activation of NF-κB and p38 was mediated by the TLR2 signaling pathway (Fig. 6D) . These results suggest that L. plantarum K55-5 LTA increases TNF-α production via NF-κB and p38 activated by the TLR2-mediated signaling pathway.
Discussion
LAB, especially probiotic resident bacteria of the large intestine, play an important role in promoting the health of the host, including modulation of immune responses. LAB are involved in the development and maintenance of homeostasis in the intestine-associated immune system. Cell wall components of LAB mediate the activation of immunocompetent cells in the intestinal tract [11] . Intestinal LAB interact with intestinal cells, which include antigen-presenting cells and intestinal epithelial cells [2, 12, 25] . They also moderate allergic reactions by maintaining the balance between Th1 and Th2 responses [4] . In the present study, L. sakei 101 and L. plantarum K55-5 showed an immune-inducing potential in the immunosuppressed mice model. The immune-inducing potential of L. plantarum K55-5 was higher than that of L. sakei 101, suggesting that L. plantarum K55-5 could be a powerful candidate for an immune-stimulating LAB probiotic. In particular, we observed increased levels of cytokines from blood and splenocytes and activation of NK cells from mice treated with L. plantarum K55-5. Lipoteichoic acid isolated from L. plantarum K55-5 induced a high level of TNF-α production. Thus, our data suggest that L. plantarum K55-5 may be used Fig. 6 . LTA increased TNF-α production through the TLR2-mediated signaling pathway.
(A) RAW264.7 cells were treated with 100 μg/ml LTA isolated from L. plantarum K8 (K8), L. rhamnosus GG (L. gg), L. sakei K101 (K101), and L. plantarum K55-5 (K55-5), and 0.5 μg/ml LPS for 4 h. TNF-α production was examined by ELISA with the culture supernatants. (B) The phosphorylation of NF-κB and MAPK was examined by western blotting with THP-1 cells treated with LTA or LPS for 1 h. (C) RAW264.7 cells were pretreated with signaling inhibitor for NF-κB, ERK, JNK, and p38 for 30 min, and then 100 μg/ml K55-5 LTA was treated for 4 h. TNF-α was examined by ELISA with the culture supernatants. (D) RAW264.7 cells were pretreated with anti-TLR2, -TLR4, and -CD14 neutralization antibodies for 30 min, and then 100 μg/ml K55-5 LTA was treated for 4 h. TNF-α was examined by ELISA with the culture supernatants. *p < 0.05; ***p < 0.001 compared with the controls (Ctr or IgG).
